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Abstract

Measurements of residual stress on the 57Fe25CrdteNi plate with no-filler TIG-welding process werarried out.
This work was conducted to determine the naturevelfl ability in synthesized steel. The bulks wevenfed in a
dimension of 30x20x7 mirto ease data retrieval. Results show that the $angsidual stress occurred in the weld
metal area, amounting to 82.40 MPa with latticetstring of 0.18%. Conversely, the values decre&sdb.92 MPa
and a stretch of 0.14% in the HAZ area. This redidtress is a tensile stress that can reduce ¢lodanical strength of
the material since it adds to the applied loadss Was confirmed by microstructure observationse Tarbon content
was very high in the dark lines. Weaken materialgaily start from this side and could initiate thiergranular cracks
that rapidly migrate among its grain boundaries.

Abstrak

Pengukuran Tegangan Sisa pada Sambungan LasTIG Bahan Struktur Baja Austenitik 57Fel5Cr25Ni
Menggunakan Teknik Difraksi Sinar-X. Pengukuran tegangan sisa pada pelat baf@15Cr25Niakibat proses
pengelasan TIG tanpa filler telah dilakukan. Pelajini dilakukan untuk mengetahui sifat mampulias bahan pelat
baja. Bahan ‘bulk’ dibentuk plat dengan dimensiZD% mm3 untuk memudahkan pengambilan data. Hasilgian
menunjukkan bahwa tegangan sisa terbesar terjaldiedah pusat las, sekitar 82,40 MPa dengan kisgpagan 0,18%
dan turun pada sekitar 65,92 MPa dengan regandpesae0,14% di daerah HAZ. Tegangan sisa ini adelgdngan
tarik yang dapat mengurangi kekuatan mekanik natkarena mampu menambah beban terpakai. Haltegatkan
dengan pengamatan mikrostruktur. Kandungan karbngag tinggi di garis hitam. Pelemahan bahan bij@sdimulai
dari sisi ini dan bisa mengawali retakan intergtanwyang dengan cepat dapat bermigrasi di antesbutirnya.

Keywords: 57Fe25Cr15Ni alloy, no-filler welding, X-ray diffraction, scanning electron microscopy, optical microscopy

1. Introduction (A1 & A2) and Ferritic (F1 and F2) steels have been
made. When good steel has been characterized, it is

In consideration of special material requiremerds f  expected to be applied as a candidate materialtsteu

reactor structural constructions, steel needs teeha of a nuclear reactor in particular (constructioofe.

special advantages for high temperature operatidris.

encourages independent material engineers in BATAN As a standard safety criteria requirement for m@act

to synthesize material with significant local canite structural materials which, among others, are thtew
Previously, the laboratory scale of fabrications haen cooled reactor, particularly vessel and heat exgban
carried out using the methods of casting [1], byimg must cover the following requirements: withstanding
a series of austenitic (A) and ferritic (F) suplenal mechanical loads, corrosion resistant, high-tentpeza
steels. The A&F series of steel are of non-standard resistant, and resistant to neutron irradiation [Bhe
composition and low-carbon steel, which is a migtaf purpose of synthesizing the austenitic super aboto

local components. Until now, two series of Austenit create a new austenitic type of materials with éigh

49 August 2017Nol. 21 0No. 2



50 Parikin, et al.

nickel content, having reduced the titanium content
no titanium at all. That way, the mechanical prépsr
of the materials should be significantlyimproved.

The engineering properties of materials and strattu
components notably fatigue life, distortion (welghin
dimensional stability (rolling), corrosion resistan and
brittle fracture can be considerably influencedrbgi-
dual stresses [3]. Such effects usually cause deradle
expenditure in repairs and restoration of partsjipeq
ment, and structures.

Accordingly, residual stresses analysis is a coaguyl
stage in the design of parts and structural elesnantl
in the estimation of their reliability under readrgice
conditions. Systematic studies have shown thatjrfor
stance, welding residual stresses might lead trastid
reduction in the fatigue strength of welded elerseht
multi-cycle fatigue N > 106 cycles), the effect of resi-
dual stresses is comparable to the effect of stess
centration [4]. Surprisingly, the effect of resitlstaesses
on the fatigue life of welded elements, specificalith
regards to relieving harmful tensile residual stessand
introducing beneficial compressive residual stresse
the weld toe zones, is significant.

One of the areas for consideration among the wislds
the heat affected zone (HAZ), which is the areadlly
affected by the heat treatment of the weld. Faibfrihe
construction component generally stems from connec-
tion between the components, especially in the HAZ.
this area, the material experiences changes imite-
structures and mechanical properties, which cafataé

if neglected. Continuous research needs to be tlone
know the influences of the welding process, esfigcia
in materials for specific purposes, such as strattu
materials for nuclear power plants.

Many techniques exist for the measurement of residu
stresses within engineering components; howevas, it
the effects of the residual stresses that are lactua
measured, not the stresses themselves. Recently; we
ing effects around the weld-joint have been inspedod
obtain information regarding stress behaviors ireeh
regions, i.e. weld metal, heat-affected zone, aaseb
metal, by means of X-ray diffraction technique. 3ée
regions near the weld line undergo severe thermal
cycles due to the intense concentration of heahén

Furthermore, a residual stress may be createdglthe
manufacturing process of a material, or it may aucu
late in a structure over many years in operatianeit
ther case, such a stress can adversely affectdugtte
quality, durability, and lifetime. Therefore, ancacate
detection of residual stress is an important elénaén
the quality control process. It also helps prettiet ser-
vice lifetime of products. Residual stresses, both
exceptionally strained points and on the surfacks o
moving parts, are routinely determined by an X-déy
fraction (XRD) [5]. XRD is presently used to measur
residual stress non-destructively. In addition, X&Bws
non-contact measurements with the unsurpassedkpati
resolution and the ability to measure hardened niadge
One way to perform residual stress measuremetg is
obtaining the whole pattern of diffraction data,iethis
usually accompanied using software implementing the
Rietveld refinement method, simply known as thetRie
veld method. The Rietveld method is capable of han-
dling diffraction data obtained from X-ray diffrache-
ters. Theoretical prediction of residual stressemaqu
diffraction techniques has been explained in litee

[5].

The aim of this research is to investigate thegmes of
residual stresses in 57Fe25Cr15Ni alloy, which is
utilized as a reactor structure material after \wejd
process has been applied, by means of tailorin@yX-r
diffraction and Rietveld refinement method [6]. Our
observation was concentrated in three main regiams,
the weld metal, the heat-affected zone (HAZ), amal t
base metal.

2. Experimental

The primary raw materials employed in the fabrimati

of the austenite stainless steel alloy are granfglao
scrap, nickel, ferro-chrome, ferro-manganese, fsilicon,

etc. These minerals have been extracted from d@nest
mines, thus creating an economic advantage because
there is no need to purchase expensive importse sin
much cheaper alternatives are available domegtiGetie
elemental compositions of product materials atedisn
Table 1, as obtained with a 1996 Swiss-made Optical
Emission Spectrometry (OES) in Bandung Manufacture
Polytechnique.

Tablel. Typeand Chemical Composition of the Specimen

heat source of welding. Thermal cycles cause non
uniform heating and cooling in the material, thener

rating inhomogeneous plastic deformation and redidu A2-type
stresses in the weld metal. The presence of rdsidua

stresses can be detrimental to the performancéeof t
welded product. Tensile residual stresses are gliyer
detrimental, since they increase the susceptibiitya
weld to fatigue damage, stress corrosion crackimg a
fracture.

57Fel15Cr25Ni Steel

. Reduction
Specimen (%) Remarks
70 TIG-Weld no filter

Dimension: 30 x 20 x 7 min
Hardness= 126.86 kgf/nfm

Elemental Composition (%wt.)

Fe Cr Ni Mn S C Ti S PCu Nb
87.74 1542 25.01 0.32 0.96 0.34 Inpurity <0.1

Makara J. Technol.
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The fractional quantities of each constituent conga
from the base materials are computed, then an appro
priate amount of these base materials is weighpd-se
rately on the micro scale. Meanwhile, a mould mefile
silica-sand is simultaneously constructed by mixang
bentonite binder with a little water. The finisheduld
must now be lined up with a certain choice of mater
depending on the appropriate acid-, base- or reutra
environment. A neutral type lining is a standard re
quirement if the desired product is stainless allyy a
final step, the lining wall is now sintered. Protion of
stainless steels requires a neutral environ- naert this
calls for an alumina (&03) lining material used with a
specific type of ramming binder.

The microstructure characterization is accomplished
using an optical microscope and a Scanning Electron
Microscope [7]. The crystalline space group isfietiby
collecting reflection intensities using an X-rayfrdicto-
meter. Meanwhile, density measurement is carried ou
using a sigmat and microbalance, and the hardestisg

is carried out using the Vickers indentation method
Optical Emission Spectrometry (OES) equipment is
employed in the elemental composition measurement,
and the sample is specially prepared by a spaidicero
method to have a dimension of 2.5 x 2.5 x 12cm

Figure 1 shows the macrostructures of the specimed

in this work. Test material is in the form of basetal
austenitic steel A2 type with a dimension of 30x20x
mnt. The specimen is initially hot-rolled and cut i
pieces, and then given TIG welding (tungsten igag)
without filer with a current 60 mA. Figure 1 a- lsosvs
the specimens of base metal and weld cross seiction
longitudinal and transverse sides. Certified wegimcess
was performed by professionals at the Center foiriee-

51

The welding process was carried out without fillsing
GTAW (GasTungsten Arc Welding) method, commonly
known as the TIG welding. Before the welding praces
the specimen was prepared with the following stages
First, an initial cleansing was conducted with @rsg
spray of air, so that the tip of the specimen tave&ded
was free from impurities. Next, the welding speaisie
were prepared on the flat side (as accepted) asrsho
the schematic Figure 2. With the melting methoa, th
ends of the metal were glued together in the safpe
argon gas atmosphere, and the movement of thengeldi
speed was controlled. Parameters used in the vgeldin
process are shown in Table 2.

The measurement of X-ray diffraction patterns wtith

Cu target was conducted at the Center for Sciende a
Technology of Advanced Materials (PSTBM) - BATAN,
using the step-counting mode between the angl® ef 2
40° and 100, and preset time of 2 seconds. The X-ray
beam shoot was directed at three main regions, Igame
the welding center/weld metal (WM), the heat affelct
zone (HAZ), and the Base Metal (BM). The processreé
separations or sectioning for precision of the $ihgo
zone files in the X-ray diffraction measurementsswa
performed by using double tapes and plastic tages a
covers, in order to obtain real data accordinghiirt
respective regions. The diffraction pattern blaakples
(double tapes and plastic tapes) were also takea as
correction to the data acquisition on each diffoact
pattern in a particular area. Further data analyss
performed by using the diffraction pattern of Riet@4
software, to obtain the refined crystallographicapseters
with high reliability factors and satisfactory gowss of

fit.

Table 2. Parameters of the Welding

ring and Nuclear Facilities (PRFN) - BATAN Serpong.

TIG-Weld Parameter

The laboratory preparation was then followed bydjrig

and polishing processes and smoothing surface with Dimension

180-2500 mesh grid paper, so that the effect dbsar
roughness when diffracted can be minimized.

Figurel. Macrostructures of Unpolished Specimen: (a)
Base Metal, (b)-(c) TIG-weld Longitudinal and
Transversal, Respectively

Makara J. Technol.

Welding type GTAW
30x20x 7 mm

Atmosphere Argon

Currents 60 A

Voltage 50V

Speed 120 mm/min
g:;ctfon of ./‘ GTAW head

S “ gf?zfr;ing

gas
- Contact tube

_Tungsten electrode
<" (nonconsumable)

Electrical art- > \Weld bead

r’l J
Copper shoe
(optional)

Shielding gas

Figure2. Scheme and TIG (Tungsten Inert Gas) Welding
Process without Filler

August 2017 NVol. 21 0 No. 2
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3. Resaultsand Discussion

X-ray Diffraction Profiles. Figure 3 shows the X-ray
diffraction patterns of three measurable areas,eham
the base metal, the HAZ, and the weld metal, using
wavelength of about 1.54 A. The entire diffraction
pattern shows five dominant diffraction peaks, vahie
typical for a face-centered cubic crystal systdnt)(

contaminants and can hinder the process of fittirey
data because it is very difficult to achieve thevasgence
of the iteration calculation nice. Diffractogramkigure
4 is the data correction to the acquisition ofdHgaction
pattern of each zone on the diffraction patterrbase
metal, HAZ, and weld metal. Except for the diffiaat
pattern of base metaBAow-angle range, the effect of
masking the peak contaminants do not occur beaafuse

Peaks appearing at successive diffractogram are the the displacement of the specimen surface and tape.

(111), (200), (220), (311) and (222) planes. THedds

the calculation of Rietan '94 program, the rangehef

are numerically grouped according to odd or even diffraction angle was not taken into consideration

numbers, diffracted at the consecuti¥eahgle of 43.59
50.60, 74.60, 90.653, and 95.90. However, the
diffraction patterns that are contaminated by tlel o

obtain an optimal reference number value of goosines
of fit (R,,,;S)-

wp?

minor peaks could enhance the background counts. Rietveld Refinements. Table 3 informs the type st t
These scattered specimens are from the amorphousspecimen, i.e. the reduction and crystallograptitad

materials, such as cellophane tape (plastic tapdaha
closing/separator firing zone file, while measuretse
were taken (see the inserted scheme in Figurehy. T
pattern is reinforced in the identification of thesults of
scanning/enumeration blank sample diffractogranwsho
in Figure 4. The contamination of these diffractjmaks
are in the range of measurement angles betweé&n 43
43.10; 46°-49° and 53-66°. The peaks are very undesirable

1800

wmd )
3 oo
©
> 1 E
®
Emy p & g =

o0 "“ o g

200

i 5 N ‘50 55§l 5T It a0 35 a0 95 oo
2 Thetaldeg.

Figure3. X-ray Diffraction Profiles of Specimensin TIG-
Welding without a Filler in the Area: Base Met-
al, Heat Affected Zone, and Weld M etal

1800

] *Doubletape+ Fiscetape Double tape
1600 4 Incident
1400 4 ' Specimen

5 1znu.|

Z |

%’ "]uui Diffracted

& 804 Sample Bearn

£ ] SE— Holdler

| ]

i
m g,

40 45 50 55 60 65 70 75 80 85 90 95 100
2Thetadeg.

Figure 4. X-ray Diffraction Profile of Blank Speoims
(double tape + plastic tape) and Inserted Scheme

Makara J. Technol.

input in the process of calculating the Rietveldthnd.
Data analysis was performed with software RietA®][5
and computed by MAUD program [8]. The program can
compute the powder diffraction data obtained bya)}-r
and neutron. This program takes the initial cricgshphic
data as forming the pattern of the model and séans
ray scattering chopped test specimens as formieg th
standard pattern. In Rietveld, the least squainaefent
(least squares) is performed until convergenceligesed
(best fitting) between all observed diffractiontpats and
entire patterns of the intensity calculation. Tdakulation

is based on the simultaneous smoothing models ted o
characteristics, such as the lattice parametersffact of
optical diffraction, and the factor modeling thesided
appropriate instrument. The key to the solutiorthis
feedback for smoothing between the working knowdedg
of the structure and the allocation of the Bragtgction
intensity observations of individual mutually oaping
portions.

Figure 5 displays the pattern for a Rietveld refieat

of the weld metal measurement zone, HAZ, and tise ba
metal, after the process of contaminant plastiesegre
excluded from the data. In the picture, there & sign of

line broadening, i.e. a line under standard padtemd
models. This line indicates the position of thetenite
phase in the steel specimens 57Fel5Cr25Ni. The full
pattern of standard profiles and smoothing areessieely
displayed in the picture. The refinements cleahpvg

the structure of a face-centered cubic crystaksysfrom

Table 3. Initial Parametersfor Rietveld Refinements

Specimen Reduction (%) Remarks
A2-type 70 Index Table: 1-225;
Crystal Structure: FCC;
Space Group: Fm3m;
57Fel15Cr
25 Ni Steel
Lattice Parameters:
A=b=c=3.56996
(70A2) o= B =y = 90°

August 2017 NVol. 21 [0 No. 2
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the figures reflecting plane (111), (200), (22@11), i

and (222), which are patterned as all even or@fl.o 1 : ' wekioo 5
There is no evidence of any other phase in all tt '
diffraction patterns obtained in each zone. Spessne; |
treated with the TIG welding without filler can besumed

for the entire zone as a measure of the total dactered § .| i | :

cubic fcc). The refinement was performed using single ™ /- A—.A._
phase models, namely the austenite phgse)(with l ' J N
space group Fm3m (I-225). The predicted initiatidat ol .' ________________________
parameters of the carbon content (C) in the speglimens GEr ® a ® B B 4 B3 o® B BB W
were conducted using the relatian(A) = 3.555 + L E . {b) Heat Affected Zone o
0.044 for austenite structure, with x as the weigh 0§ e
percent of carbon [5]. The lattice parameters teels ; :ﬁ {

57Fel5Cr25Ni with the carbon element content ¢ =

0.34% by weight is 3.56996 A, which is used asatye w] ’ 1

. . ] : X wi i ! i

input into the calculation process RietAn'94. % \ ‘,L‘ .- A

The crystallographic parameters of the Rietveldesfient M‘R{*w*%— + wa—at -
results are compiled in Table 4. The profile shapthe T I T A TC A R T TR T T T
peak phases were separately modeled using thegseL '™; (c) Base Metal »
Voight function, which is a linear combination besm 400 4 a3

Gaussian and Lorentzian functions. For the dai
acquisition angular of these experiments to bebédi a &
parameter phase structure may be refined. These d
include lattice parameter, isotropic thermal parinse

400

i

200 il ) )

deviation of the zero point, anisotropic paramete ¢

(preferred orientation), and the profile parameter: -—ka—--\{--m . At

Smoothing phase models are quite satisfactory, Rith ~~  +——r—vr v
. . . .- 40 45 50 35 60 65 70 el 80 85 k) 95 1000

that varies between 14% and 20% with a reliabilit 200

factor S of 1.3 (listed in Table 4). This valudldias a
quite high statistical probability because it obsts the
process of fitting the data to peak (111) thatigmnis
ficantly contaminated by a peak blank sample/magkin
tape around the corner 2 43 (see Figure 5), making

it very difficult to achieve convergence. The snidog | gttjce Strains. Figure 6 shows a small shift at an angle
parameter lattice and peak profiles for the austeni 20 to the field of reflection (311) diffraction patteas

phase slightly Sh.'ﬁed fr(_)m the zone to the measerd measurement results of specimens of steel 57Fel5
zones. Meanwhile, reliable thermal parameters were ~ o\ Changes occur due to the influence of

l(zlbtainehd lfrom rre]fir:jqc?, a’?d they are p;)stitivelyqimei_s.l instantaneous TIG welding heat (thermal shock)him t
evertheless, the ditiraction pattern of the stealeria process of joining two pieces of steel specimens.

i§ contributed by the _effects of X-r_ay fluoresceqise- Shifting the reflection plane (311), we successivel
ng]:\Za?(iJhebScl:irgr%r:ng?n I—(ilg(\jgévvgrr],lcrlr:gOk;engf)a the sganngd each zone of base metal (BM) at an angle of
background ratio is adequate and still distinguidda diffraction 28 = 90.72, and toward_s the.HAZ area and
between the real diffraction peak and the chopped weld metal (WM) at an angle of diffractio® 2 9.0'53
background. an_d 90.43. Thls shift towards the_ qornerez_ls an
unidentified minor, or to the left so it is neg&iwVith
reference to the acquisition of the diffractiontpat of
the field (311) for the base metal zone, a largé sh

Figure5. Rietveld Refinement Pattern of X-ray Diffraction
Results; (a) Weld Metal, (b) Heat Affected Zone
(HAZ), and (c) Base M etal

Table 4. Parameter Results from Refinements

Lattice Shified _ GOF* difference angle26) for consecutive two other zones
zone  Parameters ~ Ufwhm 20 ) ; :
A ©) B Ryp S are: 0.17 and 0.29. This peak shift moves towards the
(A) ©) left or towards the dhkl great value. The differend 2
WM 3.59710(54) 0.021946898 90.51 14.15 1.38 can indicate the occurrence of stretch in the atyattice
HAZ 3.59579(54) 0.05443586  90.55 17.72 1.74 of the magnitude formulated with20 = -2 ¢ tarp [9].

Base Metal  3.50055(33) 0.02843829  90.72 2043 1.31 The maximum intensity of the chopped peaks incrtase

- successively from the BM zone, WM, and HAZ of 739,
Goodness of fits 1077, 1582 counts. It is the consequence of theegadf

Makara J. Technol. August 2017 NVol. 21 0 No. 2
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= -~ EI".'1
300 3 =, > HAZ
] ?a a WC
250 L
-
] v 28pq= 901 T2
3 200 | s B3 TEue-9055;
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L 28 90 43°
£ a0 ] R
E o t...q
£ ] PO
E 100 ] atm g e
| ol iR
g
an R “oiie
T - N —
a9 an al az
2 Thetaldeg.

Figure6. The Shift Angle X-ray Diffraction Around

Welding Steel 57Fel5Cr25Ni Field of Reflection
(3112)

full-width half maximum (fwhm) change. Peak broaidgn
can be ascribed to the small particle size or thans
field homogenously or in both. The widening dueato
small particle size appears in the form of Loreamzi
functions, while the widening due to the strain is
described by a Gaussian function. For example, the
austenite phase peak broadening of the field of
reflection (311) of the specimen TIG welding withau

filler, which is shown in Figure 6. Strain fiel&@) in
weld specimen tends to follow the normal function
(gauss distribution). The Gaussian fitting of thesak is
very convincing. Specimens of steel 57Fe15Cr25Hi th
were observed in this experiment show some degriees
peak broadening. This widening of the diffraction
profile indicates the existence of the strain field
inhomogeneity. The width of half-fitting successive
peaks in the region BM, HAZ, and WM amounted to
0.49°, 0.52°, and 0.47°, indicating that the strihd
varies with the measurement zone of the weld spatim
The formulation of the strain field follows the eqjion:

U = Ug-32 €4y In2 [5,10]. The actual value of the strain
field is neither negative nor always positive. Thiedd
informs the strength of a field point hkl to stietor
expand.

Figure 7 shows the behavior of the average la#tiEn

in the specimen due to TIG welding. When the materi
is given a 70% reduction, the strain energy in Bihé
was approximately 0.25%, and got an extra hot weldi
of 0.18% in the WM and 0.15% in the HAZ. The
increasing stretch crystal lattice is due to theealoe of
grain refinement by heat welding mechanism, which
slightly increases the hardness of materials of@pp
mately 115 HVN in the WM to 150 HVN in the HAZ.
The average lattice strain mentioned above wasnauta
from a diffraction pattern for a wide angular regiahich
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Figure8. Hydrostatic Residual Stress Around Welding
Steel 57Fel5Cr25Ni

represents some average stretch in many directions
the field of diffraction. This method is the mea=uent
of residual stress (hydrostatic), which compleméhés
residual stress measurement along with the orientat

Residual Stresses. Hydrostatic tensions is directly
proportional to the average strain in the formolats =
[E/(1-2v)]€a, Where E is the Young's modulus and the
Poisson comparator is determined from the measure-
ments of its own. The regression parameters faneseq
tial succession steel material are 187 GPa and30.29
[10]. Figure 8 is a graph of residual stresses raatahe
TIG-weld without a filler. For the case of singlagse
austenitic structural steel (fcc), with valugs= ¢, , the
tendency of the distribution of residual stressesmf
structural material of austenitic results of rdjlirs the
tensile stress. Rolling up reduction 70%generagss r
dual tensile stress of 9.7 MPa [10], while the deal
stress due to welding heat adds to the existiregstof
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82.40 MPa and 65.92 MPa in the WM and HAZ areas
respectively. The behavior of residual stress [flthis
material follows the behavior of the crystal ladtistrain
(strain energy) on average, as seen in Figure 7.

Microstructures. Figure 9 shows SEM and OM images
of the microstructures of the specimen around thklw
joint. Three main areas can be observed, namelg bas
metal (BM), heat affected zone (HAZ), and weld rheta

(WM). One of the interception areas is the thermo- _

mechanically affected zone (TMAZ). However, its
boundary is not clear enough. This area is quiteona
and tends to be similar to the base metal duestmit
crostructures. In base metal, the microstructurebits
elongated grains caused by the rolling process ]
ing plate fabrication. Transversal deformation ksand
look narrow and elongated due to the hot rollinglaR
tively large grains are observed to be approxinyagel
pm, as measured in literature [9]. In HAZ, from the
spherical grain formations, the effect of heathsious.
The grains have changed from elongated to globular
shapes, as visible nearby the center of the welld T
grain boundaries look like a dark line migratingthe
weld metal. The carbon content might be very high i
the dark lines. Weaken materials usually start fthia
side due to the presence of residual stress. Tlhghtm
initiate inter-granular cracks, which were ablartigrate
either slowly or rapidly among the grain boundaries

An interesting phenomenon is visible in the certkr
the weld [13]. There are two overlapped phasedién t
form of cast structure (dendrites columnar) mixathw
austenitic structure. The observation results efcnter

of the weld metal, in fact, are dominated by cast
structure. However, at the same time, austenit&ngr
are very clearly formed in the background. Probaaly
very rapid decrease from melting temperature tro
temperature and the absence of filler in the weldin
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@ Weldbound

7

Figure 9. Scanning Electron Microscope (SEM-250x) and
Light Optical Microscope (OM-10x) Images of
the TIG Welded Specimen without a Filler: (a)
Weldbound Over View, (b) Base Metal, (c) Heat
Affected Zone, and (d) Weld M etal

metal and (b) heat affected zone and base metal. Th
percentage of the mass carbon contents slightly
increased from 2.45% in HAZ to 2.73% in weld metal.
This conforms to the microstructures shown in Fegur
9c, where carbon elements migrate from HAZ to weld
metal via grain boundaries. The Fe-Cr-Ni elemeers t

to have a constant mass fraction. However, theamnis
interesting phenomenon where Si and F elementsgemer
from the base metal area. The additional fractibrSio
elements may be coagulated from the migrated 8iant
certain enrichment place while other places are pbo

Si elements. The presence of F elements may come
from fluoride acid (HF) as the etching process was
conducted in the preparations.

A comparative work with another residual stress

process cause the cast structure to go back to the measurement in the welding materials was conduéted.

original form, i.e. its parent structure of the tandte
phase. On the other hand, it is clearly seen that
porosities are widely spread in the entire areahef
weld metal. It looks like dark spots. It is assuntiedt

this is due to the solid solution cooling proce$she
molten metal, which is very fast. It makes many air
bubbles trapped in almost the entire surface ofnblel
metal. These may highly improve the value of residu
stress in weld metal.

EDS spectrum. Processing the SEM image capture was
carried out by using a secondary electron detd&Bi)
on the acceleration energy of the primary electream
source tungsten wire, by a maximum of 20 keV with a
best condition. EDS was taken on the value of dieael

is shown that the curve behavior in Figure 8 ofthi
research is the opposite to the other measurenients
low carbon steel [14] weld pads on the root side of
welding specimen after different weld passes as
reported by Muruganet al. [15]. Figure 11 shows the
comparison of the residual stress data within both
welding specimens, i.e. low carbon steel weld patts
weld-austenite superalloy steel (without using any
filler). The residual stresses in former weldingsmens
tend to be in compression and to sharply increase i
magnitude, whereas the last welding specimensrare i
tensile and steadily go down from base metal tadwel
metal position. In fact, the failures in welding teréals
with filler usually happen in the area between lastl
and heat affected zone, while the no-filler welding

on average between 20% and 40%. The EDS spectrum materials are in the weld metal area. A similadgtwas

of the specimen taken around the weld joint is show
Figure 10. The spectrums perform the spot area) ofdld
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explained in [16] to provide an accurate intergretaof
the fatigue crack growth data on specimens extitdoben
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Figure 10. EDS Spectrums from the Specimen: (a) Weld M etal, (b) Heat Affected Zone, and (c) Base M etal
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Figure 11. Comparison of the Residual Stresses Emerged
from the Stainless Steel Specimens between SS-
low Carbon with a Filler and Austenite Super
Alloy 57Fel15Cr 25Ni Welded No-filler

the welded plates employed in the offshore wind enon
pile structures. The results have been discusststrims

of the role of welding sequence in damage inspestio
and structural integrity assessments of the offshor
renewable energy structures. Furthermore, the tepor
have also been referred to in literature [5] and/ ina
read to gain more insights of the residual stress
phenomenon in welding materials.

4. Conclusions

Several techniques are available for the measureafien
residual stress in the components of construction;
however, measuring the effect of residual stressots
the stress of the rest. The non-destructive tecienis) to

measure the magnitude of the relationship between

stress and crystallographic nature (physics) in the
component materials. Diffraction techniques asspaft
non-destructive techniques measure the changdtiicela
spacing variation of polycrystalline material due t
residual stress. With hydrostatic formulation, thmount

of residual tensile stress in the specimen dusstirhent

of TIG welding without filler can be obtained frothe
magnitude of residual stresses serially from bastaim
heat affected zone, and weld metal. They are 9.a,MP
92.1 MPa, and 75.62 MPa, respectively. This isiomefd

by the microstructures observation, where carbon
content might be very high in the dark lines. Weeake

Makara J. Technol.
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materials usually start from this side due to trespnce
of residual stress. This might initiate the inteaswular
cracks, which are capable of migrating rapidly agion
the grain boundaries.

Acknowledgement

The writers would like to express their gratitudethe
heads of PSTBM and BSBM, Dr. Azis Khan Jahja, Dr.
rer. nat. Mohammad Dani, Drs. Bambang Sugeng, M.T.,
Rohmad Salam A.Md., and Agus Sujatno A.Md. for

their kindness and helps. The writers would alé® o
thank DIPA 2015 for the financial supports.

References

[1]
(2]
[3]
[4]
[5]

[6]
[7]

(8]
[9]

A.K. Jahja, N. Effendi, M.R. Muslich, J. Sci.

Mater. Indones., 13/1 (2011) 34.

N. Effendi, A.K. Jahja, Bandriana, W.A. Adi, Sci.

J. Nucl. Fuel. Cycle. 18/1 (2012) 48.

N.S. Rossini, M. Dassisti, K.Y. Benyounis, A.G.

Olabi, Mater. Des., 35 (2012) 572.

F. Hadjoui, M. Benachour, M. Benguediab, Mater.

Sci. Appl., 3 (2012) 596.

Parikin, Bandriyana, |. Wahyono, A.H. Ismoyo,

Atom. Indones. J., 39/2 (2013) 65.

T.K. Mandal, Mater. Sci. Poland., 33/1 (2015) 18.

W. Wu, ZW. Liu, J.J. Hua, Y. Zeng, Y.S. Li, J.

Test. Eval., 40/3 (2012) 496.

T.H. Priyanto, N. Effendi, Parikin, Adv. Mater.

Res., 1123 (2015) 104.

Parikin, T.H. Priyanto, A.H. Ismoyo, M. Dani, J.

Mater. Sci. Indones., 17/1 (2015) 1-8 (in

Indonesian).

[10] Parikin, N. Effendi, H. Mugihardjo, A.H. Ismoyo,
J. limiah. Daur. Bahan. Bakar. Nuklir., 20/1 (2014)
33 (in Indonesian).

[11] W. Zhang, J. Lu, K. Luo, Metals., 6/6 (2016) 1.

[12] A.K. Lisiecka, E.K. Ozgowicz, J. Ach. Mater. Ma-
nufact. Eng. JAMME, 44/2 (2011) 148.

[13] G.B. Marquis, Z. Barsoum, Procedia. Eng., 66
(2013) 98.

[14] H. Eisazadeh, J. Bunn, H.E. Coules, A. Achuthan,
J. Goldak, D.K. Aidun, Welding Res., Welding J.,
95 (2016) 111.

[15] S. Murugan, S.K. Rai, P.V. Kumar, T. Jayakumar,
B. Raj, M.S.C. Bose, Int. J. Press. Vessels. PB.,
(2001) 307.

[16] A. Mehmanparast, O. Adedipe, F. Brennan, A.

Chahardehi, Integrita. Strutturale., 35 (2016) 125.

DOI: 10.3221/IGF-ESIS.35.15.

August 2017 NVol. 21 0 No. 2



	Residual Stress Measurements on the TIG Weld Joint of 57Fe15Cr25Ni Austenitic Steel for Structural Material Applications by Means X-Ray Diffraction Techniques
	Recommended Citation

	Residual Stress Measurements on the TIG Weld Joint of 57Fe15Cr25Ni Austenitic Steel for Structural Material Applications by Means X-Ray Diffraction Techniques

